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USING A fflERARCHICAL FILE SYSTEM FOR INDEXING 
DATA BROADCAST TO A CLIENT FROM A NETWORK OF SERVERS 

Related Applications 

This application claims priority from provisional patent Application Serial No. 
60/035,299, filed on January 10, 1997, entitled "Broadcast File System" and Application 
Serial No. 60/032,626, filed on December 9, 1996, entitled "Explorer Administrative 
Console". The disclosures of each of these privisional patent applications is incorporated 
herein by reference. 

Technical Field 

This invention relates to data communications systems, and more particularly, to 
a data broadcast system which uses a hierarchical file system for organizing data 
broadcast from a network of servers to a client. 

Background of the Invention 

Referring to Fig. 1, a broadcast data communications system 1 00 includes a 
network of servers and clients. A first server 102 and a second server 104 are coupled to 
a first client 106 and a second client 108 via a broadcast delivery network 110. 

Data is sent via broadcast from the servers 102 and 104 to the clients 106 and 108 
on the one-way data delivery network 110 instead of via a two-way communications 
path, for the higher data capacity of a broadcast data delivery network. A two way 
communications path such as a telephone connection typically has data capacity of 
approximately 34 kilobits/second. A broadcast data network such as broadcast 
television, satellite, or cable television, on the other hand typically has data capacity of as 
high as 40 megabytes/second. Thus, the data capacity of a broadcast data network is 1200 
times more than the data capacity of a two-way telephone connection. 

In the prior art broadcast data commimications system 100 of Fig. 1, respective 
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data sent from a server to a client may be indexed independently by each server to inform 
the client of the respective data content. A client which receives data from a plurality of 
servers sorts through the respective data from each server to determine the data of 
interest to that client. 

A server may include a respective index that is independent of the index of other 
servers or a server may not include any index. In addition, an index sent by a server in 
the prior art broadcast data communications system 100 may include only a simple linear 
index of the data content sent by that server. In any case, the client may be required to 
perform extensive data processing in determining the type and organization of data sent 
by each server in the prior art broadcast data communications system 100. 

Summary of the Invention 

Accordingly, a primary object of the present invention is to provide a more 
sophisticated data indexing system for data broadcast from a plurality of servers in order 
to minimize data processing burdens on a client receiving such broadcast data. More 
pzuticularly, a broadcast file system of the present invention organizes data from the 
plurality of servers into a hierarchical file system including a directory index. 

In a general aspect of the present invention, a broadcast file system for delivering 
data from a plurality of servers to a client includes a broadcast delivery network coupled 
to the client for broadcasting the data to the client. Additionally, a broadcast file system 
server, coupled to the broadcast data network and the plurality of application servers, 
organizes the data available from the servers into a hierarchical file system having a 
directory index. Each of the plurality of servers registers with the broadcast file system 
server to send respective data under a respective directory within the directory index. A 
server access network couples the plurality of servers to the broadcast file system server. 

The broadcast file system periodically broadcasts the directory index to the client 
via the broadcast delivery network. The client caches and provides this directory index 
to a client application. In this manner, the data available from the plurality of servers 
appears to the client application as a hierarchical file system of a computer operating 
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system. Furthennore. the broadcast file system server periodically broadcasts the data 
available from the servers to the cUent .via the broadcast delive^^ network such that the 
portion of the data requested by the client application from the directory index is 
available to the client application. 

In another aspect of the present invention, the client requests specified data not 
available from the directory index via a two-way communications network If the 
specified data is available from any of the plurality of servers, this specified data is 
to the chent either via the two-way communications network or via the broadcast 
delivery network. 

In a fimher aspect of the present invention, a database server coupled to the 
broadcast deliver network maintains a database. The respective data available from the 
database server includes tables from the database. The respective directory of the ■ 
database server within the directory index organizes the tables according to a database 
schema. A client application specifies database schema parameters from the directory 
mdex when accessing data available from the database server. 

These and other features and advantages of the present invention will be better 
understood by considering the following detailed description of the invention which is 
presented with the attached drawings. 

Brief Desc ription of the Drawinp ^ 

Fig. 1 shows a prior art broadcast data communications system; 

Fig. 2 shows a one-way broadcast file system for communication of data to a 
client from a plurality of servers, according to a preferred embodiment of the present 
invention; 

Fig. 3 shows an example time-line of operation of the one-way broadcast file 
system of Fig. 2, according to apreferred embodiment of the present invention; 

Figs. 4 shows a two-way broadcast file system for communication of dita to a 
client from a plurality of servers, according to a preferred embodiment of the present 

invention; 
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Fig. 5 shows an example time-line of operation of the two-way broadcast file 
system of Fig. 4, according to a preferred embodiment of the present invention; 

Fig. 6 shows a one-way broadcast database system for communication of data to 
a client from a server maintaining a database, according to a preferred embodiment of the 
present invention; 

Fig. 7 shows an example time-line of operation of the one-way broadcast 
database system of Fig. 5. according to a prefenred embodiment of the present invention; 

Fig. 8 shows a two-way broadcast database system for communication of data to 
a client from a server maintaining a database, according to a preferred embodiment of the 

present invention; and 

Fig. 9 shows an example detailed implementation of the broadcast file system of 

the present invention. 

Elements having the same reference numeral in Figs. 1-9 refer to the same 

element. 

n.»faileil Description 

Referring to Fig. 2, a one-way broadcast file system 200 according to a preferred 
embodiment of the present invention includes a plurality of servers including a first 
server 202 and a second server 204 coupled to a server access network 206. This server 
access network 206 couples the plurality of servers 202 and 204 to a BFS (Broadcast File 
System) server 208 and to a broadcast delivery network 210. The BFS server 208 is also 
. coupled to the broadcast delivery network 210. The broadcast delivery network 210 
transports data available firem the plurality of servers to a client 212. 

The operation of the one-way broadcast file system 200 is described with an 
example operation time-line 300 of Fig. 3. At step 302. the BFS server 208 downloads 
directory index to the client 212 via the broadcast delivery network 210. This directory 
index may include channel information indicating where particular data may be 
transported when the broadcast delivery network 210 includes multiple channels. 

When a server wishes to broadcast data via the broadcast delivery network 210. 
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the server initially registers with the BFS server 208 at step 304. The BFS server 208 
then creates a hierarchical file system with all respective data available from each server 
that is registered with the BFS server 208. 

The BFS server 208 starts with a home directory such as "\BFS\", and each server 
that has registered with the BFS server 208 is assigned a respective directory in this 
hierarchical file system. For example, if the first server 202 and the second server 204 
register with the BFS server 208, then, a firet directory "\BFS\first_server\" under the 
home directory "\BFS\" may be created for the first server 202, and a second directory 
"\BFS\second_server\" under the home directory "\BFS\" may be created for the second 
server 204. 

The BFS server 208 periodically downloads directory index at step 306 from step 
302 and by now includes information that directories "\BFS\first_server\" and 
"\BFS\second_server\" have been added. The first server 202 and the second server 204 
may create subdirectories and files under their respective directories. Each server may 
create and maintain their respective hierarchical file system under their respective 
directories "\BFS\first_^server\" and "\BFS\second_server\". For example, the first server 
may create a subdirectory "\BFS\first_server\first_subdirectory\" at step 308. Again, the 
BFS server 208 periodically downloads directory index at step 310 from step 306 and by 
now includes information that the first server 202 has created subdirectory 
"\BFS\first_serverVfirst_subdirectory\". 

Additionally, a server may create and maintain a file under the respective 
directory for that server. For example, the first server 202 may create a file under the 
respective directory "\BFS\first_server\first_file" or under a subdirectory 
"\BFS\fu:st_server\first_subdirectory\first_file" at step 312. Again, the BFS server 208 
periodically downloads directory index at step 314 from step 310 and by now includes 
information that the first server 202 has created files "\BFS\first_server\first_file" or 
"\BFS\first_server\first_subdirectory\first_file". 

The BFS server 208 creates a directory index of all data available from the 
plurality of servers washing to broadcast such data to the client 212 via the broadcast 
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delivery network 210. Each server adds any data to be broadcast to the client under a 
respective directory assigned to that server by the BFS server 208. This directory index 
is periodically broadcast to the client via the broadcast delivery network 210 by the BFS 
server 208 to inform the client of data that is available from the plurality of servers. 

The directory index is updated as new servers register with the BFS server 208, as 
old servers deregister v^dth the BFS server 208, and as each server modifies the contents 
imder its respective directory. For example, when a server no longer wishes to broadcast 
any data via the broadcast delivery network 210, that server may deregister with the BFS 
server 208 to remove the respective directory for that server from the directory index. 
The directory index is broadcast periodically and informs the client of such updates. 

The client 212 caches this broadcast directory index upon receipt from the 
broadcast delivery network, and presents the directory index as a hierarchical file system 
to a client application (which is any application module that needs any portion of data 
available from the plurality of servers). In this manner, in the view of the client 
application, the data available from the plurality of servers 202 and 204 appears to the 
client application as a hierarchical file system of a computer operating system. 

A server may also edit the contents of any files under the respective directory of 
that server. In Fig. 3, a server such as the first server 202 sends an file open indication at 
step 3 16, a file write indication at step 3 1 8, and a file close indication at step 320 to edit 
the content of a file. 

Upon viewing the directory index broadcast from the BFS server 208, the client 
application may choose to open a file vwthin the directory index. The client application 
sends to the client 212 a file open indication at step 322 and a file read indication at step 
324 which requests data within a specified file within the directory index. The data 
content of the directory index is periodically broadcast via the broadcast delivery 
network 21 0 by the BFS server 208 (or directly by a server via the server access network 
206) at step 326. 

The client 212 filters out the specified data requested by the client application 
from this periodically broadcast data and provides the specified data to the client 
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application. The client application receives the specified data provided by the client, and 
then sends a file close indication to the client 212 at step 328. (Note that the client 
application is an application module that requests a specified data firom the client 212 and 
may be part of the client 212 or may be part of a data processor separate fi-om the client 



Broadcasting the data periodically at step 326 ensures that the client 212 will 
receive substantially all the data. If the client 212 misses some data in a first broadcast, 
the client 2 1 2 may receive that missed dau in the subsequent broadcasts. The underlying 
mechanism for thus periodically broadcasting the data via the broadcast delivery network 
may be a broadcast data carousel mechanism which is defined in the MPEG-2 DSM-CC 
specification (ISC/IEC 13818-6 IS). 

The servers 202 and 204 may, in addition to creating and modifying 
subdirectories and files under the respective directory assigned by the BFS server 208, 
delete subdirectories and files. For example, after a file has been broadcast, that file may 
become uncurrent, and in that case, a server may delete that file as indicated in step 330 
of Fig. 3. Once again, the BFS server 208 periodically downloads directory index to the 
client 212 at step 332 and by now includes information that a file has been deleted (i.e., 
the deleted file is no longer included in the directory index broadcast during the 
download of directory index at step 332). 

In this manner, the one-way broadcast file system 200 of the present invention 
presents any data available firom the plurality of servers as a hierarchical file system of a 
computer operating system to any client application receiving the data from the plurality 
of servers. The BFS server 208 organizes data available from the plurality of servers into 
such a hierarchical file system including a directory index corresponding to that 
hierarchical system. That directory index is periodically broadcast to the client receiving 
broadcast data available from the plurality of servers. The client caches this directory 
index and presents this directory index to any client application which may need any 
portion of data available from the plurality of servers. The client application may select a 
file from the directory index, and the client gathers the data of that file from a periodic 



212.) 



7 



RECTIFIED SHEET (RULE 91) 





wo 98/26528 



PCT/US97/22S35 



broadcast of the data available from the plurality of servers. 

The client application which consumes a portion of the data broadcast from a 
plurality of servers has minimized processing bxirdens since the client application does 
not organize the data received from the broadcast delivery network 210. The data is 
already organized into a hierarchical file system before the data is presented to the client 
application. The data appears to be from a computer operating system from the 
perspective of the client application. 

Moreover, the directory index is cached, and the underlying data broadcast via the 
broadcast delivery network 210 is not cached until the client application requests a 
portion of that data from the directory index. All of the broadcast data is not cached, and 
memory resource is conserved with caching the portion of data that a client application 
requests. 

In the one-way broadcast file system 200 of Fig. 2, the data flow is one- 
directional from the plurality of servers 202 and 204 and the BFS server 208 to the client 
212. The client application via the client 212 may request only data being available as 
indicated in the directory index composed by the BFS server 208. 

In another embodiment of the present invention, a two-way broadcast file system 
400 of Fig. 4 further includes a two-way conmiimications network 402 coupled between 
the client 212 and the BFS server 208. Elements having the same reference numeral in 
Figs. 2 and 4 refer to the same element. With the two-way communications network 
402, the broadcast file system 400 becomes two-way with the client 212 being able to 
request specified data not available from the directory index composed by the BFS server 
208. 

The operation of the two-way broadcast file system 400 is described with an 
example operation time-line 500 of Fig. 5. Steps having the same reference numeral in 
Fig. 5 as in Fig. 3 refer to similar steps as described above for Fig. 3. However, the 
operation of the two-way broadcast file system 400 of Fig. 4 further includes the client 
application requesting to open a specified file containing specified data not available 
from the periodically broadcast directory index (at step 502). 
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The client 212 downloads this infonnation request to the BFS server 208 via the 
two-way communications network 402 (at step 504). Upon receipt of this infonnation 
request, the BFS server 208 queries the registered servers 202 and 204 to determine if 
any of the registered servers is able to provide the specified data requested by the client 
212 (at step 506). A server may respond via the server access network 206 that the 
specified data may be available from that server and may add the requested file under the 
respective directory of that server (at step 508). The BFS server 208 downloads an 
infonnation response that the specified file is available via the two-way communications 
network 402 (at step 510). 

This specified file may then be sent to the client 212 by the BFS server via the 
two-way communications network 402 in the case that the particular client requesting 
this file is the only client that is interested in receiving this file. Alternatively, the 
specified file may be incorporated into the directory index composed by the BFS server 
and may be broadcast to all clients coupled to the broadcast delivery network 210. The 
latter mechanism is more desirable for files that may be of interest to more clients and 
since the broadcast delivery network 210 is capable of higher data capacity. 

On the other hand, if the BFS server queries the servers coupled to the server 
access network 206, and no server responds that such data is available, then the BFS 
server 208 downloads an information response to the client 212 (at the step 510) that the 
specified data requested by the client 212 is 'not available. This download of information 
response is typically through the two-way communications network 402. 

In this manner, the two-way broadcast file system 400 of Fig. 4 allows a client to 
request specified data from the BFS server 208 when that data is not available from the 
directory index composed by the BFS server 208. This feature may be especially 
advantageous for sending data that is of interest to only a limited number of clients and 
only at particular times. Thus, such data is sent via the two-way communications 
network 402 or for a limited period of time on the broadcast delivery network 210 only 
upon demand from a client. 
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In another embodiment of the present invention, a broadcast database system 600 
of Fig. 6 broadcasts data from a database. Referring to Fig. 6, a database server 602 
coupled to the server access network 206 manages and maintains a database 604. Data 
within this database 604 is broadcast to the client 212 in a similar manner to the 
broadcast file system 200 of Fig. 2. 

However, the hierarchial organization of data within the database 602 is 
according to a database schema, and the directory index includes database schema 
parameters that reflects this database schema. The top directory for a database directory 
index may be "\BDB\". Then each databeise server which wishes to broadcast data from 
a respective database registers with the BFS server 208 to be assigned a respective 
directory in the database directory index. 

For example, if the database schema of the data in database 604 includes an 
organization of information about the employees of a company, then the database server 
602 may be assigned a directory of "\BDB\personnel". Then, the database server 602 
may create subdirectories and tables under the directory "\BDB\personnel". Those 
subdirectories and tables would also be organized according to a further database 
schema. For example, subdirectories may be created according to the first letter of the 
last name of each employee such as "\BDB\personnel\A", "\BDB\personnel\B", and so 
on to "\BDB\personnel\Z". Then each such subdirectory may include tables of each 
employee having a last name starting with that respective letter. Entries to this table may 
include information such as the salary of that employee, the social security number, the 
tax rate, etc. In this manner, the directory index for a database is organized according to 
a database schema. 

The operation of the one-way broadcast database system 600 is described with an 
example operation time-line 700 of Fig. 7. This operation is similar to the example time- 
line 300 for the one-way broadcast file system 200 of Fig. 2. However, the directory 
index composed by the BFS server 208 is according to a database schema, and tables are 
the data unit of interest to a client. 
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Step 702 includes the database server 602 maintaining the database 604 for record 
management. At step 704, the BFS server 208 downloads directory index to the client 
212 via the broadcast delivery network 210. This directory index may include channel 
information where particular data may be transported when the broadcast delivery 
network 210 includes mxiltipie channels. 

When the database server 602 wishes to broadcast data via the broadcast delivery 
network 210, the database server 602 initially registers with the BFS server 208 at step 
706. The BFS server 208 then creates a hierarchical file system with all respective tables 
available from the database 604 being under a respective directory for the database server 



The BFS server 208 starts with a home directory such as "\BDB\", and each 
database server that has registered with the BFS server 208 is assigned a respective 
directory in this hierarchical file system. The directory mdex of this hierarchical file 
system is organized according to a database schema. For example, if the database 604 
includes information about the employees of a company, then the application server 602 
may be assigned a directory of "\BDB\personnel". 

The BFS server 208 periodically downloads directory index at step 708 from step 
704 and by now includes information that the directory "\BDB\personnel" has been 
added with the registration of the database server 602. The directory server 602 may 
create subdirectories including further database schema and tables under this respective 
directory. 

The database server 602 creates and maintains the database 604 (step 710) under 
this respectively assigned directory. Again, the BFS server 208 periodically downloads 
directory index at step 712 fi-om step 708 and by now includes information that the 
database server 602 has created a database. Additionally, the database server 602 creates 
or modifies tables within the database 604 at step 714. Again, the BFS server 208 
periodically downloads directory index at step 716 fi-om step 712 and by now includes 
information of creation of a table at step 714. 
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The client 212 caches the broadcast directory index upon receipt from the 
broadcast delivery network 210, and presents the directory index as a hierarchical file 
system to a client application( which is any application module that needs any portion of 
data available from the database server 602). In this manner, in the view of the client 
application, the data available from the database 604 which may be located remotely 
from the client 212 appears as a hierarchical file system organized according to a 
database schema. 

The client application selects parameters of interest from the database schema at 
step 718. For the example personnel database schema as described herein, the client 
application may request data relating to all personnel whose name begins with "A". The 
selected parameters are sent to the client 212 with a next command at step 720 which 
puts the client 212 on notice to filter out data matching the selected parameters during 
broadcast of the database data at step 722. At step 722, the database data is periodically 
broadcast via the broadcast delivery network 210 and may use a broadcast data carousel 
mechanism which is defined in the MPEG-2 DSM-CC specification (ISC/IEC 13818-6 
IS). When the client application receives sufficient data corresponding to the selected 
parameters, the client application sends an "endselect" command to the client 212 to end 
the data request at step 724. 

The database servers 602 may, in addition to creating and modifying 
subdirectories and tables under the respective directory assigned by the BFS server 208, 
delete subdirectories and tables. For example, after a table has been broadcast, that table 
may become uncurrent, and in that case, a server may delete that table as indicated at step 
726. Once again, the BFS server 208 periodically downloads directory index to the 
client 212 at step 728 and by now includes information that a table has been deleted at 
step 726 (i.e., the deleted table is no longer included in the directory index broadcast 
during the download of directory index at step 728). 

In this manner, the one-way broadcast database system 600 of the present 
invention presents any data available from the database 604 as a hierarchical file system 
organized according to a database schema as a directory index. That directory index is 
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periodically broadcast to the client receiving broadcast database data. The client caches 
this directory index and presents this directory index as a hierarchical file system to any 
client application which may need any portion of data available from the database 604. 
The client application may select data from the directory index by specifying database 
parameters, and the client filters the data meeting those database parameters from the 
data broadcast via the broadcast delivery network 210. 

In this manner, the client application which consumes a portion of the data 
broadcast from a database has minimized processing burdens since the client application 
does not have to organize data received firom the broadcast delivery network 210. The 
data is already organized into a hierarchical file system according to a database schema 
before the data is presented to the client application. 

Moreover, the directory index is cached, and the underlying tables broadcast via 
the broadcast delivery network 210 is not cached imtil the client application requests 
specified portions of tables from the directory index. Thus, all of the broadcast tables are 
not cached, and memory resource is conserved with caching a portion of the data that a 
client application requests. 

According to another embodiment of the present invention, a two-way broadcast 
database system 800 of Fig. 8 further includes a two-way communications network 802 
coupled between the client 212 and the BFS server 208. Elements having the same 
reference numeral in Figs. 6 and 8 refer to the same element. With the two-way 
communications network 802, the broadcast database system 800 is two-way with the 
client 212 being able to request specified tables not available from the directory index 
composed by the BFS server 208. 

The operation of the two-way broadcast database system 800 is similar to the 
operation of the two-way file system 400 of Fig 4. The client application requests data 
such as a table not available from the directory index sent by the BFS server 208. The 
client 212 downloads this information request to the BFS server 208 via the two-way 
communications network 802. Upon receipt of diis information request, the BFS server 
208 queries the database server 602 to determine if the database 604 is able to provide 
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the specified data requested by the chent 212. If the specified data is available, the BFS 
server 208 downloads an information response that the specified data is available via the 
two-way communications network. 

This specified table may then be sent to the client 212 by the BFS server 208 via 
the two-way communications network 802 in the case only that particular client 
requesting this table may be interested in receiving this table. Alternatively, the specified 
file may be incorporated into the directory index composed by the BFS server and may 
be broadcast for a limited time to all clients coupled to the broadcast delivery network 
210. The latter mechanism is more desirable for a table that may be of interest to more 
clients and since the broadcast delivery network 210 is capable of higher data capacity. 

On the other hand, if the BFS server 208 queries the database 604 and the 
specified table is not available, then the BFS server 208 downloads an infomiation 
response to the client 212 that the specified table requested by the client 212 is not 
available. This download of information response is typically through the two-way 
communications network 802. 

In this manner, the two-way broadcast database system 800 of Fig. 8 allows a 
client to request a specified table firom the BFS server 208 when that data is not available 
from the directory index composed by the BFS server 208. This feature may be 
especially advantageous for sending a table that is of interest to only a limited number of 
clients and only at particular times. Thus, such a table is sent via the two-way 
communications network 802 or the broadcast delivery network 210 for a limited time 
only upon demand from a client. 

An example application which uses the broadcast file system of the present 
invention is an (EPG) Electronic Programming Guide application. A cable television 
provider commonly provides an EPG application which includes a listing of television 
programs which are currently being broadcast or will be broadcast in the near future. 
The EPG is updated with time for new listings, and the update is reflected with the 
periodic broadcasting of the EPG. 
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Typically, a truncated form of infomiation is provided for each program 
mcludmg the name of the program, the start time, and perhaps a short description of the 
program. While such information provides a channel line-up, such infom^ation may be 

insufficient foraTV viewer. An extended program description andavideo clip of the 
program may be further provided to the viewer upon demand. However such extended 
program descriptions require more memory for storage. 

In the prior art EPG system, the EPG application stores all of the data that is 
received so that the information is available on demand by the viewer. However 
extended program descripUons and video clips may require extensive memory for 
storage. In addition, the video clips are sent in a single channel in an order which is 
determmed by the cable provider, and thus, a subscriber cannot view a specified video of 
a specified program. 

With the broadcast file system of the present invention, the overall channel line- 
up may be broadcast in a single file which is a relati vely small file that is cached so that 
the EPG application has immediate access to this data when a cable subscriber enters the 
application. The BPS server 208 would update this file and send the file periodically to 
ensure that the EPG application has the current program listing. 

Since most subscribers are interested in programming for the near future, the 
plurality of servers 202 and 204 create entries of the expanded program descriptions and 
video clips for programs in the near-future time frame. This information is organized 
into a hierarchical file system including a directory mdex, and is broadcast repeatedly via 
the broadcast delivery network 210 such that the client 212 does not have to store all of 
this information until a subscriber requests a specified portion of this infomiation. The 
EPG application selects a particular file or table from the directory index and requests 
that file or table from the client 212. The client 212 then collects this specified data from 
the periodic broadcast of this data. 

A subscriber may also be interested in a program which will be available in the 
distant future. Since not a lot of subscribers would be looking at a specified entry in the 
distant fiiture at the same time, the broadcast file system does not broadcast such 
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information via the broadcast delivery network 210. The broadcast file system may 
include a two-vray communications network whereby the EPG application may request 
data for distant-future programs. The BFS server 208 would look for this data from the 
plurality of servers 202 or 204 or from the database 604. If the data is found, the 
specified data may be sent to the EPG application of that subscriber via the two-way 
communications network especially when only that subscriber is interested in this 
information. Alternatively, the specified data may be repeatedly broadcast for a short 

period of time over the broadcast delivery network 210 rather than through tiie relatively 

low speed two-way communications network. 

An example hierarchical file system reflected in tiie directory index for the EPG 

application composed by the BFS server 208 for data available from a first server may 

appear as follows: 

\BFS\ {Broadcast File System root directory.} 

\GUIDE_FIRST_SERVER {EPG directory for a first server providing program 

listing data.} ^ 
\CXJRRENT PROGRAMS {EPG directory for current programs.} 
\current.guide {File containing current channel line-up.} 
VDESCRIPTION {Current program description directory.} 

\programl.dsc {File containing extended description of a 
first current program.} 

\program2.dsc {File containing extended description of a 
second current program.} 
\CLIP {Current program clip directory.} 

\programl.clip {File containing video clip of a first 
current program.} 

\program2.clip {File containing video clip of a second 
current program.} 



\FUTURE PROGRAMS {EPG directory for future programs. This 
directory is empty until a request is sent to the BFS server by a client requesting 
extended program information available from the first server for a program in the distant 
future.} 
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With the broadcast file system of the present invention, extended program 
description and video clips which may require large memory for storage are not cached 
by an EPG application from the broadcast data until a subscriber requests a specific 
portion of such data. The specific requested portion of such data is cached. Thus, 
memory space is conserved for the EPG application using the broadcast file system of 
the present invention, while extended program descriptions and video clips are available 
to a subscriber on demand for both near-future and distant-future programs. 

Another example application which may advantageously use the broadcast file 
system of the present invention is a WWW (World Wide Web) application provided by 
an Internet access provider. As Internet access has gained in popularity, an increasing 
number of "web browsers" have been used to "surf the net." The process of "surfing the 
net" involves an WWW application requesting a web page from an Internet server. This . 
web page usually consists of a combination of text and data objects used by a web 
browser to construct a display which may be used to display information and/or to collect 
information. The data required to construct such a web page may be quite large and may 
require a long time to download to the web browser over the relatively low speed two- 
way communications network (such as the telephone network). 

Using the broadcast file system of the present invention, an Internet server may 
place a web page for broadcast via the broadcast delivery network 210. If a server 
determines that particular web pages are popular, as for service provider home pages and 
search engines, such popular web pages may be continuously broadcast to allow client 
applications to have direct access to such a page without having to request it from the 
server via a slow two-way communications network. Such broadcasting further 
eliminates traffic over the two-way communications network and further speeds up 
access at the client side. 

Referring to the broadcast file system 200 of Fig. 2, the first server 202 may 
register to provide a first web page and the second server 204 may register to provide a 
second web page. The first server 202 upon registration with the BPS server 208 may be 
assigned a first respective directory such as /FIRST_DOTCOM. The second server 204 
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upon registration with the BFS server 208 may be assigned a second respective directory 
such as /SECOND_DOTCOM. 

A respective html file for creating a respective web page for an Internet server is 
contained under the respective directory for that server. The html file for the web page of 
an Internet server may also include hyperlinks to other files which are required to create 
that web page. In that case, the WWW application would search the directory index 
broadcast from the BFS server to find those other files. If such a file does not appear in 
the directory index, such a specified file may be requested via a two-way 
commimications network 402 as described for the two-way broadcast file system 400 of 
Fig. 4. The BFS server 208 then searches the plurality of Intemet servers registered with 
the BFS server 208 to provide that specified file if the file is available from any of the 
registered servers as described for the two-way communications file system 400 of Fig. 
4. 

An example hierarchical file system represented by the BFS directory index for a 

web browser application may appear as follows: 

\BFS {Broadcast file system root directory.} 

\FIRST_DOTCOIVI {Directory for a first Intemet server.} 

\First_Path {Directory path where a first web page file is located} 
\first_webpage.htnil {html file for the first web page.} 
\Other_Objectl,xxx {Another object file which may be required 
to build the first web page. } 
\Other_Pathl {Directory which may contain other object files which 
may be required to build the first web page.} 

\Other_Object2.xxx {Another object file which may be required 
to build the first web page.} 
\SECOND_DOTCOM {Directory for a second Intemet server.} 

\Other_Path2 {Directory which may contain other object files which 
may be required to build the first web page.} 

\Other_Object3.xxx {Another object file which may be required 
to build the first web page.} 
When an Intemet access subscriber wishes to access the first web page, the 

WWW application first requests the file "first_webpage.html" from the client 212 to 

begin construction of the first web page. This file may include hyperlinks to other 

objects that are required for creating the web page such as "Other_Objectl,xxx" which 
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is located in the same directory "\First_Path." Alternatively, the other objects such as 
"\Other_Object2.xxx" may be included under a different directory "\Other_Pathl" or 
such as "\Other_Obiect3.xxx" may be located within another server 
"\SECOND_DOTCOM." If a file is requested by the WWW application which does 
not appear in the above directory index, then the client 212 may request the file via a 
two-way communications link as described for the two-way broadcast file system 400 of 
Fig. 4. 

Referring to Fig. 9, an example detailed implementation 900 is shown for the 
broadcast file system of the present invention. Such an implementation is used when the 
client 212 is an Explorer 2000 set top box 902 for providing cable television services and 
available firom Scientific Atlanta, Inc., in Atlanta, Georgia. The example detailed 
implementation 900 includes components in a "head end" to a HFC (Hybrid Fiber 
Coaxial) network 903 as is typically used for cable television. The HFC network 903 
serves as the broadcast delivery network 210. 

The head end to the HFC network 903 includes an application server platform 
904 which may be a Sun Microsystems UltraSparc Workstation for any of the application 
servers 202, 204, or 602. The application server platfomi 904 is where the server 
application processes execute. For example, for cable television, such server application 
processes may include an Interactive Electronic Program Guide 2uid an Impulse Pay-Per- 
View as is available from Scientific Atlanta, Inc., in Atlanta, Georgia. 

The head end to the HFC network 903 also includes a digital network control 
system 906 which also may be a Sun Microsystems UltraSparc Workstation. The BFS 
server 208 resides within the digital network control system 906 which includes 
applications for controlling a Forerunner ATM switch 908. The Forerunner ATM Switch 
908 is the server access network 206 and interconnects the application server platform 
904 and the digital network control system 906. Data traffic via the Forerunner ATM 
Switch 908 between the application server platform 904 and the digital network control 
system 906 uses IP protocol encapsulated in ATM. 
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The Forerunner ATM Switch 908 also couples the application server platform 
904 and the digital network control system 906 to the HFC Network 903. A Cisco 
Router 910 converts the ATM encapsulated IP traffic to Ethernet encapsulated traffic. A 
Broadband Integrated Gateway 912 converts the ATM encapsulated MPEG to a format 
which is suitable for delivery to a QAM modulator 914. The QAM modulator 914 
converts the output of the Broadway Integrated Gateway 912 with RF modulation at a 
specific frequency. The format of the output of the QAM modulator 914 is defined by 
the Digital Audio Video Coimcil (DAVIC) version 1.3 specification. Multiple QAM 
modulators may be present, and each QAM modulator produces a single RF signal. Such 
signals from the QAM modulators are synonymous with "television channel" although 
such signals cany digital data rather than the standard analog television channel. Data 
from the QAM modulator 914 may be combined with other RF signals for delivery to the 
set top box 902 ov^r the HFC network 903. 

A QPSK modulator 916 receives a MPEG defmed data download protocol from 
the Broadband Integrated Gateway 912 and converts such a protocol according to RF 
modulation at a specific frequency. The format of the output of the QPSK modulator 
916 is also defined by the Digital Audio Video Council (DAVIC) version 1.3 
specification. A QPSK modulator produces a single RF signal. This signal carries 
digital data and is combined with other RF signals for delivery to the set top box 902 via 
the HFC network 903. 

A QPSK demodulator 918 receives data sent from the set top box 902. This data 
is then routed through the QPSK modulator 916 for delivery back toward the head end. 
The format of the input to the QPSK demodulator 918 is also defined by the Digital 
Audio Video Council (DAVIC) version 1.3 specification. 

The Explorer 2000 set top box 902 is an example client 212 and is located at the 
home of a cable television customer. The set top box 902 receives data from the HFC 
network 903 for further processing. The set top box 902 typically includes two receivers 
a QAM receiver which receives in-band data at a high speed and a QPSK receiver which 
receives out-of-band data at a relatively low speed. 
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In summary, the Forerunner ATM switch 908, the Cisco Router 910, the 
Broadband Integrated Gateway 912, the QAM modulator 914, the QPSK Modulator 916, 
and the QPSK De-Modulator 918 ensure smooth data exchange between the application 
server platform 904, the digital network control system 906, and the HFC network 903. 

In the example detailed implementation 900 as a broadcast file system of the 
present invention, the directory index created by the BFS server (i.e. the digital network 
control system 906 of Fig. 9) is periodically broadcast over an out-of-band channel. The 
directory index is a file which is carried on a DSM-CC (Digital Storage Media- 
Command and Control) data carousel in accordance with the MPEG-2 DSM-CC 
specification (ISC/IEC 13818-6 IS). According to this specification, when the set top 
box 902 initializes, a DSM-CC User-to-Network Configuration procedure is performed. 

This procedure configures the set top box 902 with parameters that may be 
needed for receiving the directory index. For example, the fi-equency location of the 
directory index, the DSM-CC Carousel ID and Version Number and the DSM-CC 
Module ID and Version Number, and the rate at which the directory index is being 
broadcast via the HFC network 903 is specified to the set top box 902. With this 
information, the set top box tunes to the frequency location to receive the periodically 
broadcast directory index. 

The directory index created by the BFS server 208 (i.e., the digital network 
control system 906 of Fig. 9) in addition to providing a hierarchical file system also 
includes further information regarding each file element available under that hierarchical 
file system. The DSM-CC Data Carousel is also used to transport the imderlying data 
within that hierarchical file system in accordance with the ISO/IEC 13818-6 
specification, chapter 7, entitled "Data Download." This specification defines a method 
for transporting modules over MPEG-2 private sections or other transport mechanisms. 

The general architecture of the directory index contains a top-level carousel 
known as a default carousel that contains at least one module. This module ID is 
typically well known and contains the directory index. A new data carousel is then 
created each time an application server registers with the BFS sever 208 (i.e., the digital 
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network control system 906 of Fig. 9). The respective frequency location and carousel 
ID of each such carousel is contained within the directory index. When an application 
server creates a directory, such modification is updated in the directory index. As data 
files are added by an application server, the BFS server 208 (i.e., the digital network 
control system 906 of Fig. 9) creates a respective module ID for each such file to be 
broadcast via the HFC network 903, and this module ID is also included within the 
directory index. 

The following data format defines the directory index broadcast within the default 
data carousel: 



BFS_Directory( 

Protocol_Identifier 

BFS_Version 

Element_Count 

for (1=0; I<Element_Count; 



The Protocol_Identifier field indicates the data format and protocol currently 
being used for the directory index. Such data format and protocol may be modified as 
new formats and protocols as known to one of ordinary skill in the art evolve. The 
BFS_Version field is incremented each time a modification to the directory index has 
been made which may include adding, modifying, or deleting any element within the 
directory index. The Element_Count field indicates the total number of elements that are 
included in the directory index. 

A list of the BFS elements (which may include directories and files) as indicated 
by the BFS_Element field define the hierarchical file system. Each BFS_Element 
structure may include the following data format: 



{ 



BFS_Element() 



} 



) 



BFS_Element( 



Element_ID 
LinkJD 
Element_Type 
Element Mode 
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Element_Length 

CarouseI_Source_ID 

CarouseMD 

Carousel_Version 

Module_ID 

Module_Version 



ElemenMD is a unique identifier for a particular BFS element. The BFS Server ' 
208 (i.e., the digital network control system 906 of Fig. 9) assigns a respective 
Element JD for each BFS element. The LinkJD identifies the parent of this BFS 
element in the hierarchical file system. The Element_Type identifies the type of BFS 
element such as a directory or a file. The Element_Mode identifies the type of operations 
that are permitted on this BFS element such are reading a file or writing a file to a 
directory by the client 212. The ElementJD, the LinkJD, the Element_Type, and the . 
Element_Mode fields may be used by the client 212 (i.e., the set top box 902 in Fig. 9) to 
create the hierarchical file system for a client application. 

The next BFS element fields indicate to the set top box 902 where and how to 
find that BFS element as the BFS elements are periodically broadcast via the HFC 
Network 903 in accordance with the MPEG-2 DSM-CC specification (ISC/IEC 13818-6 
IS). The Carousel_Source_ID identifies the carousel carrying that BFS element 
including tuning information and the MPEG program number of that carousel. The 
CarouseMD identifies that particular carousel in a source identified for that carousel. 
The Carousel_Version identifies the current version of the carousel which is being 
broadcast. This version is incremented any time a module being carried in that carousel 
is added, modified, or deleted. The BFS client (i.e., the set top box 902 in Fig. 9) may 
look at this field to determine if any of the files in a carousel have been modified. 

The ModuleJD identifies the module in the carousel that is used to transport a 

file. This field has meaning when the Element_Type is a file. The Module_Version 

i 

identifies the current version of the module that is being broadcast. This version is 
incremented any time the module is modified. The BFS client (i.e., the set top box 902 
in Fig. 9) may look at this field to determine if a specific file has been modified. 
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In this manner, the directory index that is periodically broadcast by the digital 
network control system 906 via the HFC network 903 contains data from which the set 
top box 902 may construct a hierarchical file system of the BFS elements available to the 
set top box 902. Paths for BFS elements appear in a hierarchical manner such that the 
hierarchical file system is bmlt from the root down. Thus, a path identifier typically does 
not contain a parent reference to a path identifier that occurs down the path in the 
hierarchical file system. Furthermore, the directory index that is periodically broadcast 
further includes carousel and module information for each BFS element such that the set 
top box 902 may determine the frequency location and the timing for receiving any 
desired BFS element in accordance with the MPEG-2 DSM-CC specification (ISC/IEC 
13818-6 IS). 

Any patents or documents referenced above are hereby incorporated by reference. 

The foregoing example applications and example implementation for the 
broadcast file system of the present invention are by way of example only and is not 
intended to be limiting. In addition, the advantageous features of the present invention 
may be used in conjunction with any number of servers and clients. Moreover, the data 
broadcast on the broadcast delivery network 110 may be broadcast directly from a server 
or by the BFS server on behalf of a server. In addition, the present invention may be 
used with any other advantageous features for the broadcast file system such as including 
links to files within a server such that the BFS server is not required to store all available 
data from the servers. The invention is limited only as defined in the following claims 
and equivalents thereof. 
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We claim: 



1 . . A method for delivering data from a plurality of servers to a client by 
broadcasting said data via a broadcast delivery network, said method including the steps 



A. organizing said data into a hierarchical file system having a directory 
index, wherein each of the plurality of servers registers to send respective data 
under a respective directory within said directory index; 

B. periodically broadcasting said directory index to said client via said 
broadcast delivery network, wherein said client caches and provides said 
directory index to a client application such that said data available from said 
plurality of servers appears to said client application as a hierarchical file system 
of a computer operating system; and 

C. periodically broadcasting said data to said client via said broadcast 
delivery network such that portion of said data requested by said client 
application from said directory index is available to said client application. 

2. The method of claim 1, wherein said client requests specified data not 
available from said directory index, via a two-way communications network. 

3. The method of claim 2, wherein said specified data is sent to said client 
via said two-way communications network if said specified data is available from any of 
said plurality of servers. 

4. The method of claim 2, wherein said specified data requested by said 
client is incorporated into said hierarchical file system and is broadcast via said broadcast 
delivery network if said specified data is available from any of said plurality of servers. 



of: 
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5. The method of claim 2, wherein said client is notified via said two-way 
communications network that said specified data is not available if ssdd specified data is 
not available from any of the plurality of servers. 

6. The method of claim 1, wherein a database server of said plurality of 
servers maintains a database, wherein said respective data available from said database 
server includes tables from said database, and wherein said respective directory of said 
database server, within the directory index, indexes said tables according to a database 
schema. 

7. The method of claim 6, wherein said client application specifies database 
schema parameters from said directory index when accessing data available from said 
database server. 

8. The method of claim 6, wherein said client requests specified data not 
available in said directory index, from said database server via a two-way 
communications network. 

9. The method of claim 1 , wherein said directory index and said data 
available from said plurality of servers is broadcast via said broadcast delivery network 
on a broadcast data carousel mechanism. 

10. The method of claim 1, wherein a server of the plurality of servers 
broadcasts respective data available from the server directly over the broadcast delivery 
network. 

1 1 . The method of claim 1 , wherein a server of the plurality of servers sends 
respective data available from the server to a broadcast file system server that broadcasts 
said respective data over the broadcast delivery network. 
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12. The method of claim 11, wherein said server provides said broadcast file 
system server, a respective link for each portion of said respective data available from 
said server, said respective link indicating the location of a portion of data within said 
server to the broadcast file system server. 



1 3 . The method of claim 1 , wherein the respective directory of a server 
further includes subdirectories and files created by the server. 

14. The method of claim 13, wherein said subdirectories and said files under 
the respective directory of the server is modified by the server. 

15. The method of claim 13, wherein a server deregisters to remove the 
respective directory of the server and the respective data available from the server from 
being broadcast to the client. 



1 6. The method of claim 1, wherein said data available from said plurality of 
servers is for an Electronic Program Guide. 

17. The method of claim 1, wherein said data available from said plurality of 
servers is data for building a web page. 

18. A method for delivering data from a plurality of servers to a client by 
broadcasting said data via a broadcast delivery network, said method including the steps 
of: 

A. organizing said data into a hierarchical file system having a directory 
index, wherein each of the plurality of servers registers to send respective data 
under a respective directory within said directory index; 

B. periodically broadcasting said directory index to said client via said 
broadcast delivery network, wherein said client caches and provides said 
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directory index to a client application such that said data available from said 
plurality of servers appears as a hierarchical file system of a computer operating 
system; and 

C. periodically broadcasting said data to said client via said broadcast 
delivery network such that portion of said data requested by said client 
application from said directory index is available to said client application; 

and wherein said client requests specified data not available from said 
directory index, via a two-way communications network, and wherein said 
method further includes the steps of: 

sending the specified data to said client via one of said two-way 

conmiunications network and said broadcast delivery network if said 

specified data is available from any of said plurality of servers: and 

notifying said client via said two-way communications network 

that said specified data is not available if said specified data is not 

available from any of the plurality of servers; 

and wherein a database server of said plurality of servers maintains a 
database, wherein said respective data available from said database server 
includes tables from said database, and wherein said respective directory of said 
database server, within the directory index, indexes said tables according to a 
database schema, and wherein said client application specifies database schema 
parameters from said directory index when accessing data available from said 
database server, and wherein said client requests specified data not available in 
said directory index, from said database server via a two-way communications 
network. 

19. A broadcast file system for delivering data from a plurality of servers to a 
client, said broadcast file system comprising: 

a broadcast delivery network, operatively coupled to the client, for 
broadcasting said data to said client; 
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a broadcast file system server, operatively coupled to said broadcast data 
network and said plurality of servers, for organizing said data into a hierarchical 
file system having a directory index, wherein each of the plurality of servers 



registers to send respective data under a respective directory within said directory 



index; and 

a server access network for couplmg the plurality of servers to the 
broadcast file system server, 

wherein the broadcast file system server periodically broadcasts said 
directory index to said client via said broadcast delivery network, wherein said 
client caches and provides said directory index to a client application such that 
said data available fi-om said plurality of servers appears to said client application 
as a hierarchical file system of a computer operating system, and 

wherein the broadcast file system server periodically broadcasts said data 
to said client via said broadcast delivery network such that portion of said data 
requested by said client application from said directory index is available to said 
client application. 

20. The broadcast file system of claim 19, fiirther comprising: 

a two-way communications network, operatively coupled between said 
client and said broadcast file system server, said client requesting specified data 
not available from said directory index via the two-way communications network. 

21 . The broadcast file system of claim 20, wherein said broadcast file system 
server sends said specified data to said client via said two-way communications network 
if said specified data is available from any of said plurality of servers. 

22. The broadcast file system of claim 20, wherein said broadcast file system 
server incorporates said specified data requested by said client into said hierarchical file 
system and broadcasts said specified data via said broadcast delivery network if said 
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specified data is available from any of said plurality of servers. 

23. The broadcast file system of claim 20, wherein said broadcast file system 
server notifies said client via said two-way communications network that said specified 
data is not available if said specified data is not available from any of the plurality of 
servers. 

24. The broadcast file system of claim 1 9, further comprising: 

a database operatively coupled to a database server of said plurality of 
servers, wherein said respective data available from said database server includes 
tables from said database, and wherein said respective directory of said database 
server, within the directory index, indexes said tables according to a database 
schema. 

25. The broadcast file system of claim 24, wherein said client application 
specifies database schema parameters from said directory index when accessing data 
available from said database server. 

26. The broadcast file system of claim 24, wherein said client requests 
specified data not available in said directory index, from said database server via a two- 
way conununications network. 

27. The broadcast file system of claim 19, wherein said directory index and 
said data available from said plurality of servers is broadcast via said broadcast delivery 
network on a broadcast data carousel mechanism. 
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FIG. 5 
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